This study investigated appropriate indicators using the trapezoidal fuzzy number method, and constructed an evaluation index system for water resources comprehensive utilization efficiency (WRCUE). A WRCUE evaluation model is applied to areas in the Yellow River Basin in China using a genetic projection pursuit method. Results show that WRCUE is well developed in Shanxi, Shandong, and Henan provinces, moderately developed in Shanxi, Inner Mongolia, and Sichuan provinces, and poorly developed in the Ningxia Autonomous Region, Gansu Province, and Qinghai Province.
INTRODUCTION
Water resources are sources of water that are useful or potentially useful, and the main solution to water resource issues lies in the improvement of water resource utilization efficiency (WRUE). Only if we improve the efficiency of water use can we sustain the constant development of society. Conducting research on water resource use efficiency can help us better understand the balance of water resource use in every area (province). Numerous studies have focused on WRUE, and previous work has included the establishment of an index system and a comprehensive evaluation model. Yang () uses the Delphi method to determine the evaluation index assignment standard, provides an overview of a comprehensive evaluation index system for water resources that includes agricultural, industrial, domestic, and overall WRUE, and is a good reference for basic evaluation index sets. To select appropriate indicators, a number of scholars have adopted the analytic hierarchy process (AHP) (e.g., in an administrative partition of the Song-Liao River Basin, and also studied the causal basis for WRUE differences among counties.
To date, previous research has mainly focused on evaluating a single industry's WRUE, and fewer studies have been conducted on WRCUE for all industries. The establishment of a WRCUE evaluation index system has received little attention, and the establishment of such a system in combination with research on comprehensive evaluation models is urgently needed. In this study, we use data regarding regenerative water resources from the Yellow River Water
Resources Bulletin, establish a basic evaluation index group by identifying a comprehensive WRUE index for water consumption (water use that does not return to the aquatic environment, which is the water intake quantity from the water source, excluding the loss part during the process of water intake and the part returned to the river after the use of surface and underground water) by agriculture, industry, and domestic sources. We select several indexes from the basic evaluation index group to set up a comprehensive evaluation index system using the trapezoidal fuzzy mathematics method. The selection method is in part quantitative, and hence not fully dependent on experts' subjective opinions. Secondly, the WRCUE of provinces in the Yellow River Basin is evaluated using the trapezoidal fuzzy number method, thus achieving the goal of analyzing the WRUE of every single industry. Last, based on an analysis of the causes of provincial WRCUE differences, we have proposed improved measures to provide the necessary technical support to meet the strict water resource management goals for the Yellow River Basin. and existing statistical and quantitative data should be considered. In this study, we selected three or four indexes for each industry (agricultural, industrial, domestic) as overall WRUE indexes. This set of indexes constitutes the basic evaluation index set for WRUE (see Table 1 ).
STUDY AREA

Construction of an evaluation index system
The impacts of different industries on WRCUE vary, and the efficiencies of some industries cannot be generalized by a single index. All indexes in the basic evaluation index set are important; however, the use of all indexes in the development of an evaluation index system would create an extremely complex system, and would result in inaccuracies in the calculated results (Shchavelev ; Wang et al.
). Accordingly, we applied systematic methods to select a maximum of nine indexes from the basic evaluation index set (the Yellow River Basin includes nine provinces), and these indexes were used to construct the evaluation index system. According to this approach, the degree of importance of every index in the basic evaluation index was established as a basis for inclusion in the index system (Turayeva ).
Selection method
To construct the evaluation index system, a trapezoidal fuzzy number was used to select indexes from the basic evaluation index set. Given that A is a fuzzy set in the real number set R, and that a b c d, the membership function is a trapezoidal fuzzy number (Kaufman & Gupta ) as defined in Equation (1). The membership function is illustrated in Figure 1 ; μ A (x) is a trapezoidal fuzzy number, and a, b, c, and d define the scope of the trapezoidal fuzzy number function.
Given that the trapezoidal fuzzy number is used to solve a multi-person decision, if the decision-making weight of every decision-maker is the same, a decision is affirmed according to the following method. Given that (D 1 , D 2 , …, D n ) are decision-makers and that (C 1 , C 2 , …, C m ) are fuzzy evaluation indexes, the weight of every decision-maker is R i ¼ 1/n, where n is the number of decision-makers. If index
. Thus, the comprehensive fuzzy evaluation of index C j by the decision-making group is given by:
where d(C j ) is the comprehensive fuzzy evaluation of index C j , R i is the weight of the decision-maker (given that four experts are performing the evaluation in this study, the weight of every decision-maker is R i ¼ 0.25), and (a ji , b ji , c ji , d ji ) is the fuzzy evaluation of decision-maker i of index C j (Beaumont ;
The fuzzy weight of C j is given by: The leakage rate of urban water supply network (%)
The proportion of domestic water (%)
where w j is the comprehensive fuzzy weight of index C j . The fuzzy weight is then unitized, and the weighting vector of the indexes is give as: 
Selection of the results
Four experts were invited to evaluate the indexes in the basic evaluation index set using the affirmative decision-making approach based on the trapezoidal fuzzy number set, as explained above. Fuzzy words based on trapezoidal fuzzy numbers can be used to describe the relative importance of evaluation indexes. Five fuzzy vocabularies are used in this paper, as shown in Table 2 . Table 3 lists the evaluations of the four experts, and Table 4 Very high (7, 10, 10, 10) 
Overall indexes O 1 (5, 7, 7, 10) (7, 10, 10, 10) (5, 7, 7, 10) (7, 10, 10, 10) O 2 (3, 5, 5, 7) (3, 5, 5, 7) (0, 0, 0, 3) (5, 7, 7, 10) O 3 (3, 5, 5, 7) (0, 3, 3, 5) (0, 3, 3, 5) (7, 10, 10, 10) O 4 (0, 0, 0, 3) (5, 7, 7, 10) (0, 0, 0, 3) (5, 7, 7, 10)
Industrial indexes I 1 (5, 7, 7, 10) (7, 10, 10, 10) (7, 10, 10, 10) (7, 10, 10, 10) I 2 (5, 7, 7, 10) (3, 5, 5, 7) (0, 3, 3, 5) (5, 7, 7, 10) I 3 (3, 5, 5, 7) (5, 7, 7, 10) (0, 3, 3, 5) (0, 0, 0, 3)
Agricultural indexes A 1 (5, 7, 7, 10) (3, 5, 5, 7) (5, 7, 7, 10) (5, 7, 7, 10) A 2 (3, 5, 5, 7) (3, 5, 5, 7) (5, 7, 7, 10) (3, 5, 5, 7) A 3 (5, 7, 7, 10) (5, 7, 7, 10) (7, 10, 10, 10) (5, 7, 7, 10) A 4 (3, 5, 5, 7) (3, 5, 5, 7) (3, 5, 5, 7) (3, 5, 5, 7) Domestic indexes L 1 (5, 7, 7, 10) (7, 10, 10, 10) (3, 5, 5, 7) (3, 5, 5, 7) L 2 (0, 3, 3, 5) (3, 5, 5, 7) (3, 5, 5, 7) (0, 0, 0, 3) L 3 (3, 5, 5, 7) (5, 7, 7, 10) (0, 3, 3, 5) (0, 3, 3, 5)
The projection pursuit method has been successfully applied to calculate the integrated indexes of several index systems (Wouter ; Howell ; Kotas ; Naim ). The projection pursuit method has significant advantages over other methods. We can obtain the weight based on the spatial structure of the data themselves not dependent on the subjective opinions of specialists, and the evaluation result is real-value, which is helpful to comprehensively evaluate the value and direction of every index in comprehensive evaluation. The projection pursuit model flow chart is shown in Figure 2 . The modeling process consists of two steps; in the first step, the structure of the projection index function is determined, and in the second step, the projection index function is optimized (Pereira et al. ).
Structure of the projection index function
The index of the experience level of WRUE is given as y(i),
, and the standardized water resource use efficiency is given as {x Ã (j, i)jj ¼ 1 to p}, where m is the number of samples and p is the number of indexes. The comprehensive evaluation model is developed to connect y(i) and {x Ã (j, i)jj ¼ 1 to p}, and the projection index function is given as:
where z(i) is the projection value of sample i in one dimension, a(j) is the projection direction of index j, and x(j, i) is the standardized x Ã (j, i) value. It should be noted that z(i) is a one-dimensional projection value based on a p-dimensional
The process of calculating is the process of optimizing. We can get the best projection direction through a number of iterations and updates. That is a*, and then putting a* into Equation (5) again, we get the result of Table 5 .
Optimization of the projection index function
The projection value z(i) must extract the greatest possible variance information from x(j, i); thus, the standard deviation S z of z(i) should be as large as possible (Demin ; Mukhammadiev ). At the same time, the correlation coefficient describing the relationship between z(i) and y(i) should be as large as possible. The optimal conditions for the solution of the projection pursuit model are given by Equations (6) and (7):
where
and where Q(a) is the projection objective function of the projection pursuit model, S z is the standard deviation of z(i), R zy is the relevance coefficient of z(i) and y(i), E(z) is the expectancy of {z(i), i ¼ 1, . . . k}, and E(y) is the expectancy of
The solution of Equations (6) and (7) is a complex nonlinear optimization problem, which is solved using a genetic algorithm (Bo et al. ; Zeng ).
Evaluation of comprehensive index values for provinces of the Yellow River Basin
Cluster analysis
A comprehensive WRUE evaluation requires the empirical levels of the genetic projection pursuit model. For this purpose, we adopted a cluster analysis method (Li ;
Mwitondi ), performed using Statistical Analysis System software. Hierarchical clustering results were achieved using a group-averaging method, and the squared sum of the deviations of clusters. In Figure 3 higher levels of clustering represent lower WRUEs.
Calculation of the WRCUE
A projection pursuit model was used to calculate the index values selected from the comprehensive evaluation index system developed above. In the genetic algorithm used to optimize the model, the nonlinear function Table 6 , with larger comprehensive values representing higher efficiencies.
The model is dependent on the numerical value to determine the weighed proportion, which avoids the error brought by subjective judgment. This model considers different indexes in which weights þ means the bigger the better and in which weights -means the lower the better. The last composite index after calculation is bigger and better. Table 6 .
First-level WRCUE provinces
The WRCUE values in first-level Yellow River Basin provinces, including Shanxi, Shandong, and Henan provinces, are higher than average (i.e., greater than 0.6).
Although water efficiencies in first-level provinces are high, water-saving measures cannot be ignored. For example, water prices can be appropriately adjusted to improve awareness of the importance of water conservation.
Furthermore, industrial water-saving measures must be strengthened by reforming technologies involved in agricultural and industrial water diversion and consumption, and by appropriately introducing these technologies into these sectors.
Second-level WRCUE provinces
Second-level WRCUE provinces in the Yellow River Basin, 
Third-level WRCUE provinces
The WRCUE values in the third-level WRCUE provinces of the Yellow River Basin, including Gansu, Ningxia, and Qinghai provinces, are low (less than 0), and the potential for improvement is also low.
The above-mentioned difficulties occur throughout the western region of China, in which natural water resources are scarce and relatively undeveloped due to economic obstacles and poor management of water resources, thus leading to very low WRUEs. The management of water resources in these provinces is rudimentary, leading to the inefficient use of water resources. Effective measures must therefore be proposed and adopted in these areas. First, industrial structures must be adjusted and low productivity must be eliminated. Industries with high water consumption must be limited in these areas, and regional approval of such industries should be restricted. Second, implementation of water resource laws must be strengthened, and the laws and regulations concerning water resources should be formulated in detail to support effective enforcement. In addition, the implementation of water resource laws and regulations must be supported by public scrutiny; the public should be granted rights to monitor and track illegal abuse of water resources.
CONCLUSION
The trapezoidal fuzzy number approach was used to select 
